This article deals with the use of a multi-function system for complete machining. It compares the use of conventional tools with multi-function system on the basis of main indicators of the quality of machining.
INTRODUCTION
In the recent years, several developments in the industry have increased requirements for quality and precision of parts and were the "starting engine" of an improvement in machining methods.
Machine construction and tool geometry has a great impact on production accuracy. In conjunction with introduction of heavy machining methods, new progressive and alternative technologic processes have begun to apply preparations and tool materials, as well as to unique tools. [1, 2] In the case of tools, relative characters of particular technologic processes started to be utilized, which procured a beginning of multi-function systems. These systems enable to execute technology-related operations by one tool. This shortens the time required to finalize production parts and it also reduces costs. [3, 4] This article evaluates and summarizes a comparison of multi-function systems and conventional tools in the production process.
EXPERIMENT CONDITIONS

Multi-function system
Multi-function system enables to associate technology related operations. As exchange of tools and inserts is necessary, the multi-function system distinctively saves the production time. Inspected multi-function system enables the following operations [5]:
-drilling ( Fig. 1-1) ; -boring ( Fig. 1-2) ; -face turning ( Fig. 1-3) ; -external turning. (Fig. 1-4 ).
Multi-function system (Fig. 2) is formed by two main parts:
-system body:
 head section, i.e. section, which directly participates in machining and is formed by helical flute, which provides good chip evacuation mainly for drilling and boring;  coolant supply to cutting zone, which is supported by internal channels inside the system body -insert:
 has two unique geometries for both drilling and turning [5] 
Cutting machines and conditions
In experiments of cutting forces, conventional lathe was used. For production of comparative parts, CNC lathe was used. For particular experiments of cutting forces, the following cutting conditions were set (Tab. 1 -2): 
Comparative parts
Results claimed by the producer of multi-function system were verified on comparative parts ( 
Material of comparative parts
Comparative parts were made from the following steels:
C45
This is one of the carbon steel for heat treatment. Basic microstructure is ferrite-pearlitic (Fig. 4) . Hardening capacity is up to ø40mm (Tab. 3). They are used for production of electric engines and alternators (Tab. 4). [6] . The most commonly used steel is alloyed by chromium or chromium and manganese (Fig. 5 ) (Tab. 5), which enables to get very good properties without the use of scarge alloying elements. It is mostly used to produce the parts of ball and roller bearings (Tab. 6) [6] . The effect of cutting forces in machining various types of materials has been experimentally verified during longitudinal turning multi-function system.
The size of components of cutting force mainly depends on cutting conditions (vc, ap, f), tool geometry, cutting environment, cutting material, material of parts, etc. Components of cutting force are decreasing as cutting speed increases and they are increasing as feed and cutting depth increase. [8] Measuring the cutting force (and its components) is based on a scan of pressures that affect the tool. Components of cutting force are abstracted from pressures. [8] The measuring device must be very sensitive and accurate. High sensitivity is needed for cutting force as a dynamic effect. Measuring device that was used consists of:
computer with needed software.
The output of measurement was data file, from which time and dynamic waveforms of particular components of cutting force were constructed. Consequently, these data were compiled to structural equations describing impact of cutting conditions to components of cutting force. Finally, ternary graphs were constructed from structural equations. These graphs show the impact of particular components of cutting force (Fig. 7) .
Figure 7 Ternary graphs of cutting force a) C45; b) 16MnCr5 c) 62SiMnCr4
In examining the ternary graphs, we can see that the rule about behavior of cutting force has been confirmed. Structural equations show the greatest impact of cutting depth on cutting force. Cutting force was increased nearly fivefold when ap=0,5mm was changed to ap=1,5mm, during the turning of reference material (i.e. C45).
Roughness measurement
Material for roughness measurement was the same as the material for measurement of the cutting force. Roughness Ra was measured after every experiment (i.e. after every change of cutting conditions - Table 1 ).
The measurement was made at three different locations of cutting surface mutually rotated about 120°. From measured data, the average was calculated. On the basis of measured data, structural equations were generated (Fig. 8) . These equations were then used to construct ternary graphs showing the impact of particular cutting conditions (cutting speed, feed and cutting depth) on roughness.
Figure 8 Ternary graphs of roughness a) C45; b) 16MnCr5 c) 62SiMnCr4
Roughness measurement on comparative parts took place similarly as in the previous case. However, instead of one surface only, this time five surfaces were measured (Fig. 9) . From the ternary graphs, it is impossible to see that roughness decreased with an increase in cutting speed. This also holds vice-versa, when the feed or cutting depth increased, roughness increased as well. Structural equations show that the roughness is mostly influenced by feed and cutting speed.
The multi-function system achieved better results than the conventional tools in comparative experiments: in most cases, the results were better by almost 50%. The multi-function system can thus be used as a roughing tool as well as a finishing tool in reduced demands on roughness.
Geometrical deviations
Dimensional and shape accuracy are also of great importance for the quality assessment.
The measurement of geometrical deviations was made on comparative parts by a 3D measurement station, which enables to measure the basic geometrical deviations such as planarity, roundness, cilindricity, axis position, perpendicularity, propensity, etc.
The principle of measurement of roundness (and axis position as well) consisted of periodic touches around the part by sensor in 30° intervals. The measurement of cilindricity consisted of similar touches, but the sensor went down along the helix.
Measured values were compiled to make the following graphs (Fig. 10 -12 ): These graphs show that deviation of roundness and cilindricity increases with increasing machinability. The best results were achieved on comparative parts of steel C45.
The multi-function system was able to cut a smaller deviation than conventional tools in machining steel C45 by 33%. Smaller deviations were also achieved on comparative parts from remaining materials.
Economic indicators
The advantage of the multi-function system is a reduction in acquisition costs and production time and revoking the time needed to exchange tool. The following table (Tab. 9) provides an overview of acquisition costs: The purpose of this article was to compare the multifunction system with conventional tools. The basic comparative indicator is productivity. Using the multi-function system reduces production time by the time needed to exchange the tool.
It is important from the economic point of view that the multi-function system abates the acquisition costs by almost 50%.
Another important comparison indicator is the quality of machined surface, for the purpose of which, comparative parts were manufactured.
Roughness of comparative parts manufactured by multi-function system was better than the roughness of parts manufactured by conventional tools by nearly 50% in almost all cases. In addition, roughness of the surface 5 of the comparative part from steel 16MnCr5 was better by 60% for the multi-function system.
The results of these specific experiments and the findings produced can be applied to further research, but also for the general use.
The multi-function system has a sound potential to be used for rough machining and finishing operations. The system can be applied whenever there is a desire to reduce the total production time in turning and drilling.
